Two extrastriate cortical visual systems have been identified in nonhuman primates. These pathways, anatomically distinct and functionally specialized, include a dorsal occipitoparietal system that subserves visuospatial location (i. e. , an object is located in space) and a ventral occipitotemporal system that subserves object identification (i. e. , an object is; ; ; ; ; ). Considerable neuroanatomical, neurophysiological, and behavioral evidence supports the existence of these distinct bilateral cortical visual pathways in nonhuman primates ( ; ) .
where what Desimone & Ungerleider, 1990 Mishkin, Ungerleider, & Macko, 1983 Pohl, 1973 Ungerleider & Mishkin, 1982 Van Essen, Anderson, & Felleman, 1992 Desimone & Ungerleider, 1990 Ungerleider & Mishkin, 1982 The possibility that comparable visual processing systems exist in humans has been suggested by reports of dissociable deficits in maze learning and gestalt closure abilities that result from occipitoparietal and occipitotemporal lesions, respectively (e. g. , ; ;
). Although provocative, such studies are relatively few in number, and their subjects consist primarily of patients who sustained cerebral vascular accidents and penetrating head injuries, lesions that necessarily result in relatively rough anatomical resolution because of their variable location and volume. Furthermore, particular emphasis has centered on the dissociability of object recognition and spatial localization skills among patients with right-hemisphere lesions ( ; ; ; ;
), and less interest has been devoted to the impact of comparable lesions in the left hemisphere ( ).
Rosen, & Gerstman, 1984 Mehta, Recently, positron emission tomography (PET) was used with healthy humans to determine the extrastriate pathways involved in object (facial) recognition and spatial (dot) localization abilities ( ). The object recognition task (Facial Recognition Test; ) activated a bilateral region of occipital-posterior temporal cortex, and the spatial task (dot localization) activated a bilateral region of occipitoparietal cortex. Perisylvian and anterior temporal cortex was not activated by either task. Although the results suggested a degree of symmetry between humans and nonhuman primates in the organization of extrastriate cortical visual systems into and processing streams, suggested that these systems may be displaced posteriorly in human cortex secondary to the evolution of phylogenetically newer cortical areas. Another approach to the investigation of discrete visual processing systems in human cortex would be to assess patients before and after a neurosurgical procedure involving systematic resection of occipitotemporal or occipitoparietal regions. Anterior temporal lobectomy, performed for the treatment of intractable epileptic seizures of temporal lobe origin, provides such a model. This procedure typically involves resection of approximately 4 to 5 cm of anterior temporal lobe cortex and thereby represents ablation of the anterior portion of the occipitotemporal object recognition system. Traditionally, anterior temporal lobectomy has been viewed as a model with which to study the contributions of human hippocampus to memory function because of the concomitant resection of mesial temporal structures ( ; ; ). Investigation of the effects of this surgery on visuoperceptual processes has been comparatively limited and has not as yet been used as a model to investigate dissociable visual processing systems ( ; ; , , ;
JonesGotman, Milner, 1975 Rausch & Babb, 1987 Kimura, 1963 Kolb, Milner, & Taylor, 1983 Lansdell, 1962 1970 Meier & French, 1965 Milner, 1958 In this study we examined changes in object recognition and spatial orientation ability among 158 patients who underwent unilateral left or right anterior temporal lobectomy. Given the anatomical boundaries of the surgical procedure and the proposed neural regions characterizing the object identification and spatial localization systems, we anticipated that anterior temporal lobectomy would adversely affect object recognition (i. e. , facial discrimination) performance while having little or no effect on spatial localization (i. e. , line orientation) ability. Such findings would also test the hypothesis that the object recognition system in the human brain has been displaced posteriorly by evolutionary pressure ( ). Finally, assessment of the effects of laterality of anterior temporal lobe resection would provide information regarding the degree to which the object recognition system is bilaterally represented.
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Method
Subjects
A consecutive series of 158 patients who underwent partial resection of the left (dominant; = 81) or right ( = 77) anterior temporal lobe for treatment of intractable seizures of temporal lobe origin served as subjects. The patients in this study met the following criteria: (a) They were nonretarded (Wechsler Adult Intelligence Scale-Revised [WAIS-R] Full Scale IQ > 69), (b) they were without magnetic resonance imaging evidence of structural lesions (excluding mesial temporal sclerosis), and (c) they were left-hemisphere dominant for speech as determined by intracarotid sodium amobarbital testing. In all cases, the patients' seizures were verified as being of unilateral temporal lobe origin by longterm electroencephalographic and video monitoring of spontaneous seizures using bilateral subdural strip or scalp electrodes.
n n Table 1 provides demographic and seizure-related information for the left and right temporal lobe groups. There were no significant differences between the temporal lobe groups on any of these variables.
Neuropsychological Testing
Patients were administered a comprehensive neuropsychological battery as part of the preoperative assessment process. First, one or both of these tests have been used in previous investigations of clinical populations ( ; ) and healthy controls ( ) as markers of these two visual processing systems. The resulting dissociations in performance, including PET confirmation, have validated their sensitivity to the and visual processing systems. Additional empirical support for this conceptualization is provided by the results of a principal-components factor analysis (with varimax rotation) of the preoperative WAIS-R and visuoperceptual test data from 200 epilepsy patients (the 158 subjects of this investigation plus an additional 42 who have not as yet been tested postoperatively). A three-factor solution emerged that accounted for 62. 5% of the variance (see Mehta et al. , 1987 Newcombe, 1985 Haxby et al. , 1991 what where Table 2 ).
The first factor accounted for 43. 2% of the variance and was formed by four of the six WAIS-R Verbal subtests (Information, Vocabulary, Comprehension, and Similarities) and represented the classic verbal comprehension factor. The second factor, accounting for 11. 4% of the variance, was formed by four of the WAIS-R Performance subtests (Picture Completion, Picture Arrangement, Block Design, and Object Assembly) and the Judgment of Line Orientation Test. This factor represented visual tests with particular demands on spatial and visuomotor abilities. A third factor, accounting for 7. 9% of the variance, was formed by the Facial Recognition Test. The Hooper Visual Organization Test loaded equivalently on both visual factors.
Second, the facial recognition and line orientation tests are similar in their administration and procedural details. There is minimal motor involvement because both tests require only a brief verbal response providing identification of the stimulus number that matches the visual target. Linguistic and motor confounds are therefore minimized and equivalent across the tests. Because the subject simply scans and compares the choices placed immediately below the target, roughly similar demands appear to be placed on visual scanning and visual attention, with minimal and comparable demands on visual memory, although there are no empirical data on such issues at present. Given the similarities in task procedure and administration, dissociations in performance can be more confidently attributed to differences in visual processing demands associated with spatial location versus object identification. A final noteworthy aspect of the Facial Recognition Test is that the faces are devoid of expression and ancillary features such as hairstyle or distinguishing marks and clothing.
Subjects are therefore truly required to discriminate among faces.
Surgery
After exposure of the temporal lobe, an average of 4. 2 cm of temporal neocortex were removed, which left the temporal horn of the lateral ventricle exposed along its anterior length. The dissection included the superior through inferior temporal gyri. The fusiform gyrus was then dissected, which left only hippocampal and parahippocampal gyri. The hippocampus and parahippocampal gyrus were then generally removed to the posterior margin of the cerebral peduncle. This surgical approach was therefore standardized in nature compared with other techniques that involve intraoperative electrocorticography and subsequent tailored resections that typically yield considerable variability in the extent of lateral temporal cortical resection. The operation as described clearly involves resection of the anterior portion of the occipitotemporal object recognition system (as defined by ) in addition to mesial temporal lobe structures (see Ungerleider & Mishkin, 1982 Lateral view of the left hemisphere of the rhesus monkey with the shaded areas defining cortical visual tissue in the occipital, temporal, and patiental lobes. 
Results
A three-factor mixed analysis of variance was used to analyze the data. The between-subjects factor was laterality of temporal lobe epilepsy (left or right), and the within-subjects factors were task (Judgment of Line Orientation Test and Facial Recognition Test) and time of assessment (preoperative and postoperative). Analyses were performed on raw scores as well as percentile scores (derived according to the test manual). The results were identical, and the outcomes of raw scores analyses are presented. Main effects and interactions were nonsignificant except for a main effect of task, (1,156) = 6. 04, < . 01, and the critical Task × Time interaction, (1,156) = 37. 9, < . 001.
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Testing of simple effects revealed that performance on the Facial Recognition Test declined significantly from pre-to postoperative assessment for both left, (80) = 2. 68, < . 01, and right, (76) = 4. 95, < . 001, temporal lobe groups (see t p t p Figure 2 depicts the dissociation in pre-to postoperative performance for facial recognition and line orientation.
To determine the reliability of these findings, we randomly divided the total sample into two independent groups and repeated the analyses. For both samples the results were identical to those just described; the interactions of task with time were significant, with face recognition scores declining from pre-to postoperative assessment and line orientation scores improving.
Decline in Facial Recognition Test performance was not attributable to a general decline in visuoperceptual or language ability. For the study sample, WAIS-R Performance IQ actually showed a significant, (158) = 5. 9, < . 001, improvement from pre-to postoperative testing, whereas Verbal IQ showed no significant change, (158) 
Discussion
Three aspects of this investigation are discussed: (a) the adequacy with which the object recognition and spatial localization visual processing systems were assessed by our choice of psychometric tests, (b) the effects of anterior temporal lobectomy on object recognition and spatial localization abilities, and (c) the specific implications of anterior temporal lobe lesions on the ability to discriminate unfamiliar faces. 
Psychometric Markers of the Object Recognition and Spatial Localization Processing Systems
Effects of Anterior Temporal Lobectomy on the What and Where Visual Processing Systems
Because anterior temporal lobectomy, as performed at our center, routinely involves resection of the anterior and ventromedial portion of the hypothesized occipitotemporal visual stream ( ), it provides the opportunity to determine whether this region constitutes part of an extrastriate cortical visual system devoted to object recognition in human brain (the system). The effects were clear and consistent. There was a dissociation between performance on the object recognition and spatial localization tests. Facial recognition performance declined for both the left and right temporal lobe groups, whereas performance on the line orientation test did not ( ). Although the effect size was of moderate strength, it was shown to be a consistent and reliable effect. A random split of the study group revealed identical findings, that is, a significant interaction of task with time that was characterized by decreased facial recognition and improved line orientation abilities. Thus, anterior temporal lobectomy adversely affected the occipitotemporal system, leaving, as hypothesized, the occipitoparietal system unaffected. These results suggest that it may be premature to conclude that the entire object recognition system has been displaced more posteriorly in human cortex than in nonhuman primates ( ). It may be that as the population codes get sparser as information proceeds to higher cortical areas (cf. ), it may be increasingly difficult to detect such cells on PET.
Ungerleider & Mishkin, 1982 what Figure 2 what where Haxby et al. , 1991 Rolls, 1989 Anterior temporal lobectomy did not abolish the ability to recognize unfamiliar faces but rather resulted in a consistent relative decline in this ability compared with preoperative levels ( ). The decline in facial recognition performance appeared to be a very selective deficit associated with anterior temporal lobe resection. It was not associated with decline in general intellectual or global and specific measures of visuoperceptual ability; demographic variables such as age, sex, and education; or seizure-related characteristics such as laterality of focus or age at onset. Indeed, significant postoperative increases were found for Performance IQ and for scores on the WAIS-R Performance subtests, the Hooper Visual Organization Test, and, of course, the Judgment of Line Orientation Test. These increases may reflect actual improvements in cognitive function, practice effects, or a combination of these and other influences. Future comparison with a nonoperated-on control group will be needed to determine which of these factors is operating. In contrast, only one test showed a significant postoperative decline, the Facial Recognition Test. 
Temporal Lobe Lesions and the Discrimination of Unfamiliar Faces
This selective decline in facial recognition ability following anterior temporal lobectomy may also be relevant to recent research involving the neurophysiological correlates of facial processing in nonhuman primates, as well as to contemporary models of facial processing in humans.
Single-cell research with nonhuman primates has identified populations of neurons in the inferior temporal visual cortex and superior temporal sulcus that are selectively responsive to faces in general and to facial features, expressions, and orientations in particular ( ; ; ; ; ; ; ). Furthermore, these populations have different responses to different faces so that across an ensemble of such neurons information useful in recognizing a particular face is present ( ; ;
). Some face-specific cells demonstrate relative constancy of response across physical transformations such as size, context, and color, whereas others respond selectively to full frontal view, and yet others are responsive to specific facial rotations (e. g. , left or right profiles; ; ; ). The existence of facespecific cells is apparently not restricted to primates because such cells have been found in the temporal cortex of sheep ( ). These face-selective cells are bilaterally represented in nonhuman primate temporal cortex and fall within the occipitotemporal object identification system ( ). Desimone & Ungerleider, 1990 The possibility that face-specific cells are similarly present in human temporal lobe cortex has been raised by . During intraoperative mapping of anterior nondominant temporal cortex, identified neurons that appeared to be selectively responsive to tests of facial perception (i. e. , matching of unfamiliar faces and identification of facial expressions). Whether resection of such identified cells would compromise the ability to discriminate unfamiliar faces on formal psychometric testing and whether similar cells are located in anterior dominant temporal cortex remain to be determined.
Ojemann, Ojemann, and Lettich (1992) Ojemann et al. (1992) The question arises as to whether the decline we have observed in facial recognition performance in humans following anterior temporal lobectomy represents resection of a population of face-specific cells located in the occipitotemporal object recognition system in humans or reflects a more general surgically induced impairment of the object recognition system. This issue cannot be approached until there has been identification and examination of additional occipitotemporal-dependent object recognition tasks that are nonfacial in nature. As noted earlier, previous investigations of the object recognition system have relied almost exclusively on facial stimuli, either in gestalt closure format (Mooney's Closure Faces Test) or in matching unfamiliar faces on the Facial Recognition Test (e. g. , ; ). Furthermore, our factor analysis of a host of conventional visuoperceptual and visuospatial tests failed to identify any tasts that preferentially loaded with the Facial Recognition Test to form a broad object recognition factor. Comparing the relative effects of anterior temporal lobectomy (or other lesions of the occipitotemporal system) on an identified series of facial and nonfacial object Haxby et al. , 1991 Newcombe, 1985 recognition tests would help to determine whether face-specific cells in human temporal cortex have been resected or whether declines in facial recognition ability are merely indicative of a more general compromise of the object recognition system. Whereas we have been concerned with the ability to discriminate among unfamiliar faces, have most recently provided information regarding the neuronal systems mediating the ability to discriminate among faces. Using PET with healthy controls, Sergent et al. found that large cortical volumes were activated during the processing of familiar faces. The activated regions extended from the occipital region to the temporal poles bilaterally (with a right-hemisphere emphasis) and primarily engaged the ventromedial parts of human brain. Although there was substantial overlap with those regions involved in simple object identification, there were differences-in particular, a complete absence of anterior temporal lobe activation during object recognition ( ). Although these findings are particularly relevant to the clinical problem of prosopagnosia, they underscore the contribution of anterior temporal lobe regions to face perception and emphasize the need to examine the differences that may exist between tests of facial recognition and elementary object recognition. Sergent, Ohta, and MacDonald (1992) familiar
Sergent et al. , 1992
The adverse effect of anterior temporal lobectomy on the ability to discriminate among unfamiliar faces has additional implications for an understanding of the neural systems that contribute to facial processing ability in humans. It is generally assumed that impairment in the ability to discriminate unfamiliar faces is primarily associated with disease of the right cerebral hemisphere, particularly the posterior region ( ; ; ; ). The current findings suggest that the anterior temporal regions also make a contribution to this ability in that their resection diminishes but does not obliterate performance. Furthermore, no significant effect for laterality of anterior temporal lobectomy was found, although patients who underwent right temporal lobectomy tended to perform somewhat worse. Previous investigations with Benton's Facial Recognition Test found deleterious effects of left-hemisphere damage on performance when compared with the performance of normals ( ; ) and bilateral occipitotemporal activation on PET ( ). Furthermore, , using a different task for matching unfamiliar faces, found both temporal lobe lesion groups to perform worse than normal controls, with no significant laterality effect. The temporal lobes in humans therefore appear to make a contribution to the discrimination of unfamiliar faces, and it may be that each temporal lobe in particular, or hemisphere in general, provides its own contribution to successful task performance (e. g. , global versus feature processing; ; ). Damage to either temporal lobe would therefore be sufficient to lower performance. Evaluation of patients both before and after anterior temporal lobectomy may not only serve as a useful model to study memory function but might also make significant contributions to an understanding of the visual properties of human anterior temporal lobe cortex.
